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ZKHQFRPSDUHGZLWKUHVWODUJHDPRXQWRIGDWD'HWHFWLRQRIVXFKRXWOLHUVLVLPSRUWDQWIRUPDQ\
DSSOLFDWLRQV VXFK DV IUDXG GHWHFWLRQ DQG FXVWRPHU PLJUDWLRQ 0RVW VXFK DSSOLFDWLRQV DUH KLJK
GLPHQVLRQDOGRPDLQVLQZKLFKWKHGDWDPD\FRQWDLQKXQGUHGVRIGLPHQVLRQV+RZHYHUWKHRXWOLHU
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,QWKLVSDSHURXUILUVWFRQWULEXWLRQLVWRSURSRVHDXQLILHGIUDPHZRUNIRURXWOLHUGHWHFWLRQLQ
KLJK GLPHQVLRQDO VSDFHV IURP DQ HQVHPEOHOHDUQLQJ YLHZSRLQW ,Q RXU QHZ IUDPHZRUN WKH
RXWO\LQJQHVVRIHDFKGDWDREMHFWLVPHDVXUHGE\IXVLQJRXWOLHUIDFWRUVLQGLIIHUHQWVXEVSDFHVXVLQJ
D FRPELQDWLRQIXQFWLRQ$FFRUGLQJO\ZHVKRZWKDWDOOH[LVWLQJUHVHDUFKHVRQRXWOLHUGHWHFWLRQFDQ
EH UHJDUGHG DV VSHFLDO FDVHV LQ WKH XQLILHG IUDPHZRUN ZLWK UHVSHFW WR WKH VHW RI VXEVSDFHV
FRQVLGHUHGDQGWKHW\SHRIFRPELQDWLRQIXQFWLRQXVHG 
,Q DGGLWLRQ WR GHPRQVWUDWH WKHXVHIXOQHVV RI WKH HQVHPEOHOHDUQLQJEDVHGRXWOLHU GHWHFWLRQ
IUDPHZRUN ZH GHYHORSHG D YHU\ VLPSOH DQG IDVW DOJRULWKP QDPHO\ 62( 6XEVSDFH2XWOLHU
(QVHPEOHXVLQJGLPHQVLRQDO6XEVSDFHV LQZKLFKRQO\VXEVSDFHVZLWKRQHGLPHQVLRQ LVXVHG
IRUPLQLQJRXWOLHUVIURPODUJHFDWHJRULFDOGDWDVHWV7KH62(DOJRULWKPQHHGVRQO\WZRVFDQVRYHU
WKHGDWDVHWDQGKHQFHLVYHU\DSSHDOLQJLQUHDOGDWDPLQLQJDSSOLFDWLRQV([SHULPHQWDOUHVXOWVRQ
UHDOGDWDVHWVDQGODUJHV\QWKHWLFGDWDVHWVVKRZWKDW62(KDVFRPSDUDEOHSHUIRUPDQFHZLWK
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,QFRQWUDVWWRWUDGLWLRQDOGDWDPLQLQJWDVNWKDWDLPVWRILQGWKHJHQHUDOSDWWHUQDSSOLFDEOHWR
WKHPDMRULW\RIGDWDRXWOLHUGHWHFWLRQWDUJHWVWKHILQGLQJRIWKHUDUHGDWDZKRVHEHKDYLRULVYHU\
H[FHSWLRQDOZKHQFRPSDUHGZLWKUHVWODUJHDPRXQWRIGDWD6WXG\LQJWKHH[WUDRUGLQDU\EHKDYLRURI
RXWOLHUV KHOSV XQFRYHULQJ WKH YDOXDEOH NQRZOHGJH KLGGHQ EHKLQG WKHP DQG DLGLQJ WKH GHFLVLRQ
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1R$$1R$$=$$DQGWKH,%06855HVHDUFK)XQG 
PDNHUV WRPDNHSURILWRU LPSURYH WKH VHUYLFHTXDOLW\7KXVPLQLQJ IRURXWOLHUV LV DQ LPSRUWDQW
GDWDPLQLQJUHVHDUFKZLWKQXPHURXVDSSOLFDWLRQVLQFOXGLQJFUHGLWFDUGIUDXGGHWHFWLRQGLVFRYHU\
RI FULPLQDODFWLYLWLHVLQHOHFWURQLFFRPPHUFHZHDWKHUSUHGLFWLRQDQGPDUNHWLQJ
$ ZHOOTXRWHGGHILQLWLRQRIRXWOLHUVLVILUVWO\JLYHQE\+DZNLQV>@7KLVGHILQLWLRQVWDWHV³$Q
RXWOLHULVDQREVHUYDWLRQWKDWGHYLDWHVVRPXFKIURPRWKHUREVHUYDWLRQVDVWRDURXVHVXVSLFLRQWKDW
LW ZDV JHQHUDWHG E\ D GLIIHUHQWPHFKDQLVP´:LWK LQFUHDVLQJ DZDUHQHVV RQ RXWOLHU GHWHFWLRQ LQ
GDWDPLQLQJ OLWHUDWXUH PRUH FRQFUHWHPHDQLQJV RI RXWOLHUV DUH GHILQHG IRU VROYLQJ SUREOHPV LQ
VSHFLILF GRPDLQV >@ 1RQHWKHOHVV PRVW RI WKHVH GHILQLWLRQV IROORZ WKH VSLULW RI WKH
+DZNLQV2XWOLHU
0RVW DSSOLFDWLRQV IRU RXWOLHUPLQLQJ DUH KLJKGLPHQVLRQDO GRPDLQV LQZKLFK WKHGDWDPD\
FRQWDLQKXQGUHGVRIGLPHQVLRQV+RZHYHUPRVWH[LVWLQJWHFKQLTXHV>@ WU\ WRGHILQHRXWOLHUV
E\ XVLQJ WKH IXOO GLPHQVLRQDO GLVWDQFHV RI WKH SRLQWV IURPRQH DQRWKHU5HFHQW UHVHDUFK UHVXOWV
VKRZ WKDW LQ KLJK GLPHQVLRQDO VSDFH WKH FRQFHSW RI SUR[LPLW\ PD\ QRW EH TXDOLWDWLYHO\
PHDQLQJIXO>@'XHWRWKHFXUVHRIGLPHQVLRQDOLW\ PRVWH[LVWLQJDSSURDFKHVDUHQRWDSSURSULDWH
IRUGLVFRYHULQJRXWOLHUVLQKLJKGLPHQVLRQDOVSDFH 
7RRYHUFRPHFXUVHRIGLPHQVLRQDOLW\ $JJDUZDODQG<X>@SURSRVHGDGHILQLWLRQIRURXWOLHUV
LQ ORZGLPHQVLRQDO SURMHFWLRQV DQG GHYHORSHG DQ HYROXWLRQDU\ DOJRULWKP IRU ILQGLQJ RXWOLHUV LQ
SURMHFWHGVXEVSDFHV 
$ IUHTXHQWSDWWHUQEDVHGRXWOLHUGHWHFWLRQPHWKRGLVSURSRVHGLQ>@ZKLFKDLPVDWXWLOL]LQJ
IUHTXHQWSDWWHUQVLQGLIIHUHQWVXEVSDFHVWRJHWKHUWRGHILQHRXWOLHUVLQKLJKGLPHQVLRQDOVSDFH 
2YHUDOO DOWKRXJK WKHUH DUH VR PDQ\ GHILQLWLRQV IRU RXWOLHUV ZH FDQ VHH WKDW QRQH RI WKH
H[LVWLQJ GHILQLWLRQV DUH ZLGHO\ DFFHSWHG DQG WKH RXWOLHU GHWHFWLRQ SUREOHP LQ KLJK GLPHQVLRQDO
VSDFHVLVDOVRQRWZHOOGHILQHG2QHQDWXUDOTXHVWLRQRQHPD\DVNLV³&DQZHIRUPDOO\GHILQHWKH
SUREOHPRIPLQLQJ RXWOLHUV LQ KLJK GLPHQVLRQDO VSDFHVDQG XQLI\ H[LVWLQJ UHVHDUFKHV LQ DPRUH
JHQHUDOIUDPHZRUN"´7RDQVZHUWKLVTXHVWLRQLQWKLVSDSHUZHPDNHDILUVWVWHSWRZDUGVIRUPDOO\
LQWURGXFLQJ WKH SUREOHP DQG SURSRVLQJ D XQLILHG IUDPHZRUN IRU RXWOLHU GHWHFWLRQ LQ KLJK
GLPHQVLRQDOVSDFHVIURPDQHQVHPEOHOHDUQLQJYLHZSRLQW
,QRXUQHZ IUDPHZRUN WKHRXWO\LQJQHVVRIHDFKGDWDREMHFW LVPHDVXUHGE\ IXVLQJRXWOLHU
IDFWRUVLQGLIIHUHQWVXEVSDFHVXVLQJDFRPELQDWLRQIXQFWLRQ$FFRUGLQJO\ZHVKRZWKDWDOOH[LVWLQJ
UHVHDUFKHV RQ RXWOLHU GHWHFWLRQ FDQ EH UHJDUGHG DV VSHFLDO FDVHV LQ WKH XQLILHG IUDPHZRUNZLWK
UHVSHFWWRWKHVHWRIVXEVSDFHVFRQVLGHUHGDQGWKHW\SHRIFRPELQDWLRQIXQFWLRQXVHG
,Q DGGLWLRQ WR GHPRQVWUDWH WKHXVHIXOQHVV RI WKH HQVHPEOHOHDUQLQJEDVHGRXWOLHU GHWHFWLRQ
IUDPHZRUN ZH GHYHORSHG D YHU\ VLPSOH DQG IDVW DOJRULWKP QDPHO\ 62( 6XEVSDFH2XWOLHU
(QVHPEOHXVLQJGLPHQVLRQDO6XEVSDFHV LQZKLFKRQO\VXEVSDFHVZLWKRQHGLPHQVLRQ LVXVHG
IRUPLQLQJRXWOLHUVIURPODUJHFDWHJRULFDOGDWDVHWV7KH62(DOJRULWKPQHHGVRQO\WZRVFDQVRYHU
WKHGDWDVHWDQGKHQFHLVYHU\DSSHDOLQJLQUHDOGDWDPLQLQJDSSOLFDWLRQV([SHULPHQWDOUHVXOWVRQ
UHDOGDWDVHWVDQGODUJHV\QWKHWLFGDWDVHWVVKRZWKDW62(KDVFRPSDUDEOHSHUIRUPDQFHZLWK
UHVSHFWWRWKRVHVWDWHRIDUWRXWOLHUGHWHFWLRQDOJRULWKPVRQLGHQWLI\LQJWUXHRXWOLHUVDQG62(
FDQEHDQRUGHURIPDJQLWXGHIDVWHUWKDQRQHRIWKHIDVWHVWRXWOLHUGHWHFWLRQDOJRULWKPVNQRZQVR
IDU
7KHRUJDQL]DWLRQRIWKLVSDSHULVDVIROORZV)LUVWZHUHYLHZUHODWHGZRUNLQWKHQH[WVHFWLRQ
3UREOHP IRUPXODWLRQDQG WKHSURSRVHGXQLILHG IUDPHZRUNDUHSURYLGHG LQ6HFWLRQ6HFWLRQV
SUHVHQWV WKH 62( DOJRULWKP (PSLULFDO VWXGLHV DUH SURYLGHG LQ 6HFWLRQ  DQG D VHFWLRQ RI
FRQFOXGLQJUHPDUNVIROORZV
 5HODWHG:RUN
3UHYLRXVUHVHDUFKHVRQRXWOLHUGHWHFWLRQEURDGO\IDOOLQWRWKHIROORZLQJFDWHJRULHV
'LVWULEXWLRQEDVHGPHWKRGVDUHLQWKHILUVWFDWHJRU\ZKLFKDUHSUHYLRXVO\FRQGXFWHGE\WKH
VWDWLVWLFVFRPPXQLW\>@7KH\GHSOR\VRPHVWDQGDUGGLVWULEXWLRQPRGHOHJQRUPDODQGIODJ
DVRXWOLHUVWKRVHSRLQWVWKDWGHYLDWHIURPWKHPRGHO5HFHQWO\<DPDQLVKL7DNHXFKLDQG:LOOLDPV
>@ XVHG D*DXVVLDQPL[WXUHPRGHO WR SUHVHQW WKHQRUPDO EHKDYLRUV DQG HDFK GDWXP LV JLYHQ D
VFRUHEDVHGRQFKDQJHVLQWKHPRGHO+LJKVFRUHLQGLFDWHVKLJKSRVVLELOLW\RIEHLQJDQRXWOLHU7KLV
DSSURDFKKDVEHHQFRPELQHGZLWKDVXSHUYLVHGEDVHGOHDUQLQJDSSURDFKWRREWDLQJHQHUDOSDWWHUQV
IRURXWOLHU>@)RUDUELWUDU\GDWDVHWVZLWKRXWDQ\SULRUNQRZOHGJHRIWKHGLVWULEXWLRQRISRLQWVZH
KDYHWRSHUIRUPH[SHQVLYHWHVWVWRGHWHUPLQHZKLFKPRGHOILWVWKHGDWDEHVWLIDQ\
'HSWKEDVHG LV WKH VHFRQG FDWHJRU\ IRU RXWOLHUPLQLQJ LQ VWDWLVWLFV >@ %DVHG RQ VRPH
GHILQLWLRQ RI GHSWK GDWD REMHFWV DUH RUJDQL]HG LQ FRQYH[ KXOO OD\HUV LQ GDWD VSDFH DFFRUGLQJ WR
SHHOLQJGHSWKDQGRXWOLHUVDUHH[SHFWHGWREHGHWHFWHGRXWIURPGDWDREMHFWVZLWKVKDOORZGHSWK
YDOXHV
'HYLDWLRQEDVHG WHFKQLTXHVLGHQWLI\RXWOLHUVE\ LQVSHFWLQJWKHFKDUDFWHULVWLFVRIREMHFWVDQG
FRQVLGHUDQREMHFWWKDWGHYLDWHVWKHVHIHDWXUHVDVDQRXWOLHU>@
'LVWDQFH EDVHG PHWKRG ZDV RULJLQDOO\ SURSRVHG E\ (0 .QRUU DQG 57 1J >@ $
GLVWDQFHEDVHG RXWOLHU LQ D GDWDVHW' LV D GDWD REMHFW ZLWK SFW RI WKH REMHFWV LQ' KDYLQJ D
GLVWDQFH RI PRUH WKDQ G PLQ DZD\ IURP LW 7KLV QRWLRQ JHQHUDOL]HV PDQ\ FRQFHSWV IURP
GLVWULEXWLRQEDVHG DSSURDFK DQG HQMR\V EHWWHU FRPSXWDWLRQDO FRPSOH[LW\ ,W LV IXUWKHU H[WHQGHG
EDVHG RQ WKH GLVWDQFH RI D SRLQW IURP LWV NWKQHDUHVW QHLJKERU >@$IWHU UDQNLQJ SRLQWV E\ WKH
GLVWDQFHWRLWVNWKQHDUHVWQHLJKERUWKHWRSNSRLQWVDUHLGHQWLILHGDVRXWOLHUV(IILFLHQWDOJRULWKPV
IRU PLQLQJ WRSN RXWOLHUV DUH JLYHQ $OWHUQDWLYHO\ LQ WKH DOJRULWKP SURSRVHG E\ $QJLXOOL DQG
3L]]XWL>@ WKHRXWOLHUIDFWRURIHDFKGDWDSRLQW LVFRPSXWHGDV WKHVXPRIGLVWDQFHVIURPLWVN
QHDUHVWQHLJKERUV%D\DQG6FKZDEDFKHU>@PRGLI\DVLPSOHDOJRULWKPEDVHGRQQHVWHGORRSVWR
\LHOGQHDUOLQHDUWLPHPLQLQJIRUGLVWDQFHEDVHGRXWOLHUGHWHFWLRQ
'HQVLW\ EDVHG 7KLVZDV SURSRVHG E\0%UHXQLJ HW DO >@ ,W UHOLHV RQ WKH ORFDO RXWOLHU
IDFWRU/2) RIHDFKSRLQWZKLFKGHSHQGVRQWKHORFDOGHQVLW\RILWVQHLJKERUKRRG,QW\SLFDOXVH
SRLQWVZLWK D KLJK/2) DUH IODJJHG DV RXWOLHUV7DQJ HO DW >@ LQWURGXFHV D FRQQHFWLYLW\EDVHG
RXWOLHUIDFWRU&2) VFKHPHWKDWLPSURYHVWKHHIIHFWLYHQHVVRI/2)VFKHPHZKHQDSDWWHUQLWVHOI
KDV VLPLODU QHLJKERUKRRG GHQVLW\ DV DQ RXWOLHU 7KUHH HQKDQFHPHQW VFKHPHV RYHU /2) DUH
LQWURGXFHGLQ>@$QHIIHFWLYHDOJRULWKPIRUPLQLQJORFDORXWOLHUVLVSURSRVHGLQ>@7KH/2&,
PHWKRG>@DQGORZGHQVLW\UHJXODULW\PHWKRG>@IXUWKHUH[WHQGHGWKHGHQVLW\EDVHGDSSURDFK
>@
&OXVWHULQJEDVHG RXWOLHU GHWHFWLRQ WHFKQLTXHV UHJDUGHG VPDOO FOXVWHUV DV RXWOLHUV >@ RU
LGHQWLILHGRXWOLHUVE\UHPRYLQJFOXVWHUVIURPWKHRULJLQDOGDWDVHW>@7KHDXWKRUVLQ>@IXUWKHU
H[WHQGHG H[LVWLQJ FOXVWHULQJ EDVHG WHFKQLTXHV E\ SURSRVLQJ WKH FRQFHSW RI FOXVWHUEDVHG ORFDO
RXWOLHU LQZKLFKDPHDVXUHIRULGHQWLI\LQJWKHRXWOLHUQHVVRIHDFKGDWDREMHFWLVGHILQHG
6XE6SDFHEDVHG 0XOWLDQGKLJKGLPHQVLRQDOGDWDPDNH WKHRXWOLHUPLQLQJSUREOHPPRUH
FRPSOH[EHFDXVHRI WKH LPSDFWRIFXUVHRIGLPHQVLRQDOLW\RQ DOJRULWKPV¶ERWKSHUIRUPDQFHDQG
HIIHFWLYHQHVV$JJDUZDODQG<X>@GLVFXVVHGDQHZWHFKQLTXHIRURXWOLHUGHWHFWLRQZKLFKILQGV
RXWOLHUV E\ REVHUYLQJ WKH GHQVLW\ GLVWULEXWLRQ RI SURMHFWLRQV IURP WKH GDWD $ IUHTXHQW SDWWHUQ
EDVHG RXWOLHU GHWHFWLRQPHWKRG LV SURSRVHG LQ >@ ZKLFK DLPV DW XWLOL]LQJ IUHTXHQW SDWWHUQV LQ
GLIIHUHQW VXEVSDFHV WRJHWKHU WR GHILQH RXWOLHUV LQ KLJK GLPHQVLRQDO VSDFH :HL HW DO >@
LQWURGXFHVDQRXWOLHUPLQLQJPHWKRGEDVHGRQDK\SHUJUDSKPRGHOWRGHWHFWRXWOLHUVLQFDWHJRULFDO
GDWDVHW
6XSSRUWYHFWRUEDVHG 6XSSRUWYHFWRUQRYHOW\GHWHFWRU691' ZDVUHFHQWO\GHYHORSHG7KH
ILUVW691'LVSURSRVHGE\7D[DQG'XLQ>@ZKLFKHVWLPDWHVDVSKHUHWRFRQWDLQDOOWKHQRUPDO
GDWDSDWWHUQVZLWKWKHVPDOOHVWUDGLXVWKHRXWOLHUVFDQEHLGHQWLILHGIURPWKHQRUPDOGDWDSDWWHUQV
E\FDOFXODWLQJWKHGLVWDQFHRIDGDWDSDWWHUQWRWKHFHQWHURIWKHVSKHUH$QRWKHUDOWHUQDWLYH691'
LVSURSRVHGE\6FK|ONRSIHWDO >@ ,QVWHDGRIDVSKHUHD IXQFWLRQ LVHVWLPDWHG WRVHSDUDWH WKH
UHJLRQ RI QRUPDO GDWD SDWWHUQV IURP WKDW RI RXWOLHUV ZLWK PD[LPDO PDUJLQ WKXV GHWHFWLQJ WKH
RXWOLHUV IURP WKH QRUPDO GDWD SDWWHUQV &DR HW DO >@ IXUWKHU H[WHQGHG WKH 691' PHWKRG
3HWURYVNL\>@FRPELQHNHUQHOPHWKRGVDQGIX]]\FOXVWHULQJPHWKRGV
1HXWUDOQHWZRUNEDVHG 7KHUHSOLFDWRUQHXWUDOQHWZRUN511 LVHPSOR\HGWRGHWHFWRXWOLHUV
E\ +DUNLQV HW DO >@ 7KH DSSURDFK LV EDVHG RQ WKH REVHUYDWLRQ WKDW WKH WUDLQHG QHXWUDO
QHWZRUNZLOO UHFRQVWUXFWVRPHVPDOOQXPEHURI LQGLYLGXDOVSRRUO\DQG WKHVH LQGLYLGXDOVFDQEH
FRQVLGHUHGDVRXWOLHUV7KHRXWOLHUIDFWRUIRUUDQNLQJGDWDLVPHDVXUHGDFFRUGLQJWRWKHPDJQLWXGH
RI WKHUHFRQVWUXFWLRQHUURU
,QDGGLWLRQWKHFODVVRXWOLHUGHWHFWLRQSUREOHPLVFRQVLGHUHGLQ>@ 
 3UREOHP)RUPXODWLRQDQG8QLILHG)UDPHZRUN
,QWKLVVHFWLRQZHIRUPDOL]HWKHSUREOHPRIRXWOLHUGHWHFWLRQLQKLJKGLPHQVLRQDOVSDFHDQG
SURSRVHDXQLILHGIUDPHZRUNIURPDQHQVHPEOHOHDUQLQJYLHZSRLQW 
/HW' EH DGDWDEDVHRIGGLPHQVLRQDOIHDWXUHYHFWRUV$QHOHPHQW3 ' LVFDOOHGSRLQWRU
REMHFW/HW$  ^$ $«$G` EHWKHVHWRIDOODWWULEXWHV$L RI' $Q\VXEVHW6 $ LVFDOOHGD
VXEVSDFH7KHFDUGLQDOLW\RI6 _6_ LVFDOOHGWKHGLPHQVLRQDOLW\RI6 :HOHW WKHSRZHUVHWRI$
GHQRWHG E\ 3RZ $ EH WKH VHW RI DOO XQLRQV RI VXEVHWV RI $ 7KDW LV ZH GHILQH 3RZ $ 
^ `$66 _  +HQFHHDFKVXEVSDFHLVDQHOHPHQWRI3RZ$7KHSURMHFWLRQRIDQREMHFW3 LQWRD
VXEVSDFH6 3RZ$ LVGHQRWHGE\ 36S  7KHRXWOLHUIDFWRURIDQREMHFW3 LQVXEVSDFH6 LV
GHQRWHGE\  32) 6S 
:HIXUWKHUDVVXPH WKDW WKHRXWOLHU IDFWRUYDOXHVDUHQRUPDOL]HGRQWR WKH LQWHUYDO >@)RU
HDFKREMHFW¶VGHJUHHRI EHLQJDQRXWOLHULVPHDVXUHGE\LWVRXWOLHUIDFWRUZLWKRXWORVVRIJHQHUDOLW\
LWLVDVVXPHGWKDWWKHKLJKHULVWKHRXWOLHUIDFWRUYDOXHRIDQREMHFWWKHKLJKHURILWVRXWOLHUQHVVLV
7KHSUREOHPRIRXWOLHUGHWHFWLRQLQKLJKGLPHQVLRQDOVSDFHDQGWKHXQLILHGHQVHPEOHOHDUQLQJ
EDVHGDOJRULWKPLFIUDPHZRUNDUHGHVFULEHGLQ)LJ
7KH LQSXW IRU RXWOLHU GHWHFWLRQ LQ KLJK GLPHQVLRQDO VSDFH LQFOXGHV WKH WDUJHW GDWDEDVH WKH
QXPEHU RI GHVLUHG RXWOLHUV WKH VHW RI VXEVSDFHV FRQVLGHUHG LQ WKH PLQLQJ SURFHVV DQG WKH
FRPELQDWLRQ IXQFWLRQ$PRQJ DOO WKHVH LQSXW SDUDPHWHUV WKH VHW RI VXEVSDFHV DQG FRPELQDWLRQ
IXQFWLRQDUHRISULPDU\LPSRUWDQFH$VZHFDQVHHODWHUH[LVWLQJUHVHDUFKHVRQRXWOLHUGHWHFWLRQ
FDQEHGLVWLQJXLVKHGZKHQWKH\DUHVHWWRGLIIHUHQWYDOXHV
2XWOLHU'HWHFWLRQLQ+LJK'LPHQVLRQDO6SDFH 0LQLQJWRSNRXWOLHUVZLWKDVHWRIVXEVSDFHVDQGDFRPELQDWLRQIXQFWLRQLQDGDWDEDVH
,QSXW $ GDWDEDVH' ZLWKVHWRIIHDWXUHV$$Q,QWHJHUN LHWKHN PRVWRXWO\LQJREMHFWVWREHPLQHG 66 DVHWRIVXEVSDFHVLH66LVDVXEVHWRI3RZ$
$FRPELQDWLRQHQVHPEOHIXQFWLRQ 
2XWSXW 7RSNRXWOLHUVWKDWVDWLVI\WKHUHTXLUHPHQW
8QLILHG$OJRULWKPLF)UDPHZRUN ,QGLYLGXDOVXEVSDFHRXWOLHUIDFWRUFRPSXWDWLRQVWHS)RUHDFKVXEVSDFH6 LQ66)RUHDFKREMHFW3 LQ'
&RPSXWHWKHRXWOLHUIDFWRURI3LQ6 LH  32) 6S
 2XWOLHUHQVHPEOHVWHS)RUHDFKREMHFW3 LQ'
(QVHPEOHDOOWKHRXWOLHUIDFWRUVRI3 LQGLIIHUHQWVXEVSDFHVLH2)3  32) 6
666
S


)LJ7KHXQLILHGRXWOLHUHQVHPEOHEDVHGDOJRULWKPLFIUDPHZRUN62(IUDPHZRUN

7KHXQLILHGDOJRULWKPLF IUDPHZRUN 62( IUDPHZRUN LV D WZRVWHSPLQLQJ VWUDWHJ\ZKLFK
FRQVLVWVRIWZRVWHSVVXEVSDFHRXWOLHUPLQLQJVWHSDQGVXEVSDFHRXWOLHUHQVHPEOHVWHS
$ VXEVSDFHRXWOLHUPLQLQJVWHS
,Q WKH VXEVSDFH RXWOLHUPLQLQJ VWHS WKH 62( IUDPHZRUN XVHV H[LVWLQJ RXWOLHU PLQLQJ
DOJRULWKPVWRFRPSXWHWKHRXWOLHUIDFWRUVIRUHDFKGDWDREMHFWVLQDOOWKHLQSXWVXEVSDFHV 
5HPDUNV
 ,QGLIIHUHQW VXEVSDFHVZHFDQFKRRVHGLIIHUHQWRXWOLHUGHWHFWLRQDOJRULWKPV WRFRPSXWH
RXWOLHUIDFWRUVIRUHDFKGDWDREMHFW6XFKIOH[LELOLW\LVYHU\XVHIXOLQUHDOGDWDPLQLQJDSSOLFDWLRQV
VLQFHGLIIHUHQWVXEVSDFHVPD\KDYHVLJQLILFDQWGLIIHUHQFHVRQDWWULEXWHW\SHVDQGGDWDGLVWULEXWLRQV
)RUH[DPSOHLIWKHLQSXWGDWDEDVHLVPL[HGZLWKFDWHJRULFDODWWULEXWHVDQGQXPHULFDWWULEXWHVZH
FDQMXVWFKRRVHWKRVHZHOOGHVLJQHGDOJRULWKPVIRUFDWHJRULFDOGDWDVXFKDVDOJRULWKPVRI>@
WRSHUIRUPRXWOLHUIDFWRUFRPSXWDWLRQLQSXUHFDWHJRULFDOVXEVSDFH6LPLODUO\GHQVLW\EDVHGRXWOLHU
GHWHFWLRQDOJRULWKPV>@ZLOOEHJRRGFKRLFHIRUQXPHULFVXEVSDFH
,QVRPHDSSOLFDWLRQV WKHXVHUPD\EHLVRQO\LQWHUHVWHGLQ WKHRXWOLHUVGHWHFWHGLQVRPH
VSHFLILF VXEVSDFH ,Q VXFK VLWXDWLRQ LW LV REYLRXVO\ WKDW ZH FDQ MXVW ILQLVK WKH PLQLQJ SURFHVV
ZLWKRXW SURFHHGLQJ WR WKH RXWOLHU HQVHPEOH VWDJH )XUWKHUPRUH WKH RXWSXW UHVXOWV FDQ DOVR EH
UHJDUGHGDVUXQQLQJRXUDOJRULWKPLFIUDPHZRUNIRUPXOWLSOHWLPHVDQGHDFKUXQLVIHGZLWKRQO\
RQHVXEVSDFH 
 7KH VHW RI LQSXW VXEVSDFHV FDQ LQFRUSRUDWH WKH EXVLQHVV XVHU¶V H[SHFWDWLRQ RU
LQWHUHVWLQJQHVV )RU H[DPSOH WKH EXVLQHVV XVHU FDQ RQO\ VSHFLI\ WKRVH VXEVSDFHV WKDW DUH
PHDQLQJIXOLQUHDOEXVLQHVVDVLQSXW,WDOVRH[KLELWVWKHVSLULWRIVRFDOOHGFRQVWUDLQWGDWDPLQLQJ
)XUWKHUPRUHLQRXUFXUUHQWVWXG\DQGDOVRSUHYLRXVUHVHDUFKHVKRZWRVHOHFWRQO\PHDQLQJIXODW
OHDVW PHDQLQJIXO IURP D VWDWLVWLFDO YLHZSRLQW VXEVSDFHV DV LQSXW UHPDLQV XQDGGUHVVHG 7KH
JHQHUDOSUREOHPLVRSHQDQGSURYLGHVSURPLVLQJIXWXUHUHVHDUFKGLUHFWLRQV
$ VXEVSDFHRXWOLHUHQVHPEOHVWHS
$IWHU FRPSXWLQJ WKH RXWOLHU IDFWRUV IRU HDFK GDWD REMHFW LQ DOO WKH LQSXW VXEVSDFHV WKH
TXHVWLRQWKHQEHFRPHV³KRZFDQZHLQWHJUDWHWKHVHVXEVSDFHRXWOLHUPLQLQJUHVXOWV WRJHW ILQDO
RXWSXW":H ERUURZ VRPH LGHDV IURP HQVHPEOH OHDUQLQJ E\ IXVLQJ RXWOLHU IDFWRUV LQ GLIIHUHQW
VXEVSDFHVXVLQJDFRPELQDWLRQIXQFWLRQ+HQFHWKHFKRLFHRIFRPELQDWLRQIXQFWLRQRUFRPELQLQJ
RSHUDWRULVDWWKHFRUHRIWKHRXWOLHUHQVHPEOHVWDJH
6XSSRVHWKHRXWOLHUIDFWRUVRIDQREMHFW3 LQ'LQGLIIHUHQWVXEVSDFHVDUHGHQRWHGDVY Y«
YPWKHQXPEHURILQSXWVXEVSDFHVLVP  $QGWKHFRPELQLQJRSHUDWRULVGHQRWHGDV   +HQFH
WKHRXWOLHUIDFWRURI3 DIWHU IXVLQJDOO WKHVXEVSDFHRXWOLHUIDFWRUV LV2)3    Y Y«YP
1RWHWKDWLIP WKHQZHOHW  Y Y«YP  Y
,Q WKH VHTXHOZHZLOO EULHIO\ GLVFXVV  RSHUDWRUV FRQVLGHUHG LQ RXU VWXG\$OWKRXJK RWKHU
PRUHFRPSOH[FRPELQLQJRSHUDWRUVFDQEHGHVLJQHGLWLVQRWWKHHPSKDVLVRIWKLVSDSHU0RUHRYHU
DVZHZLOO VKRZ WKHVH VLPSOHRSHUDWRUV DUHHQRXJK LQXQLI\LQJH[LVWLQJ UHVHDUFKHV LQRXU62(
IUDPHZRUN

&KRRVLQJ D FRPELQLQJ RSHUDWRU 2XU SRWHQWLDO FKRLFHV IRU  DUH WKH IROORZLQJV :H RIIHU
VRPHDGGLWLRQDOLQVLJKWVRQWKHVHFKRLFHVLQ6HFWLRQ
z 7KHSURGXFWRSHUDWRU    Y Y«YP  YY « YP
z 7KHDGGLWLRQRSHUDWRU  Y Y«YP  Y Y «YP
z $ JHQHUDOL]DWLRQRIDGGLWLRQRSHUDWRULWLVFDOOHGWKH6T FRPELQLQJUXOHZKHUHT LVDQRGG
QDWXUDO QXPEHU6T Y Y«YP     TTPTT YYY   1RWH WKDW WKH DGGLWLRQ LV
VLPSO\WKH6 UXOH
z $ ³OLPLWLQJ´YHUVLRQRI6T UXOHVGHQRWHGDV f6  f6 Y Y«YP LVGHILQHGWREHHTXDO
WRYL ZKHUHYL KDVWKHODUJHVWDEVROXWHYDOXHDPRQJY Y«YP

7KXV WKH 6 FRPELQLQJ UXOH LV OLQHDU ZLWK UHVSHFW WR WKH FRPSRQHQW RXWOLHU IDFWRUV 7KH DQG6T UXOHVIRUT!RQWKHRWKHUKDQG LQYROYHDQRQOLQHDU WHUPIRUHDFKLQGLYLGXDORXWOLHU
IDFWRU f6 LVDQHVSHFLDOO\DSSHDOLQJUXOHVLQFHLWLVQRQOLQHDUSDUWLFXODUO\IDVWWRFRPSXWHDQG
DOVRDSSHDUVWRKDYHFHUWDLQXVHIXO³VXPOLNH´SURSHUWLHV

-XVWDVZHKDYHDUJXHGDOOH[LVWLQJUHVHDUFKHVRQRXWOLHUGHWHFWLRQFDQEHUHJDUGHGDVVSHFLDO
FDVHV LQ WKH XQLILHG IUDPHZRUNZLWK UHVSHFW WR WKH VHW RI VXEVSDFHV FRQVLGHUHG DQG WKH W\SH RI
FRPELQDWLRQ IXQFWLRQ XVHG7DEOH  GHSLFWV RXU FODVVLILFDWLRQ RQ H[LVWLQJ UHVHDUFKHV IRU RXWOLHU
GHWHFWLRQ 
7DEOH&ODVVLILFDWLRQRQH[LVWLQJUHVHDUFKHVLQRXUIUDPHZRUN
 &RPELQLQJRSHUDWRU 
1XPEHURI,QSXWVXEVSDFHV
  6T
f6
2QH7KHVXEVSDFHFRPSRVHGRIDOOGLPHQVLRQV $OORWKHURXWOLHUGHWHFWLRQUHVHDUFKHVH[FHSW>@
0XOWLSOH  >@  >@
)URP7DEOHZHFDQVHHWKDWPRVWUHVHDUFKHVH[FHSWIRU>@DQG>@GHILQHWKHRXWOLHUVXVLQJ
WKH IXOO GLPHQVLRQDO GLVWDQFHV RI WKH SRLQWV IURP RQH DQRWKHU DQG KHQFH WKH QXPEHU RI LQSXW
VXEVSDFHVLVRQO\RQH7KHVXEVSDFHFRPSRVHGRIDOOGLPHQVLRQV6LQFHLIP OHW  Y Y«
YP   Y 6R LW ZRXOG EH DOZD\V ULJKW WR FODVVLI\ WKHVH UHVHDUFKHV WR DQ\RQH RI WKH JLYHQ
FRPELQLQJRSHUDWRUV 
$JJDUZDO DQG <X >@ FRQVLGHU GDWD REMHFWV ZLWK EHVW VPDOOHVW VSDUVH FRHIILFLHQWV LQ
SURMHFWLRQVDVRXWOLHUVKHQFH WKH\XVH WKH f6 RSHUDWRU LQRXU IUDPHZRUN+HHWDO >@XVH WKH
VXPRIVXSSRUWVRIDOOIUHTXHQWSDWWHUQVDVRXWO\LQJQHVVVRLWLVWKH³´RSHUDWRU0RUHRYHUERWK
PHWKRGVLQ>@DQG>@WDNHPXOWLSOHVXEVSDFHVDVLQSXW 
6R IDUZH KDYH SUHVHQWHG WKH XQLILHG IUDPHZRUN IRU RXWOLHU GHWHFWLRQ LQ KLJKGLPHQVLRQDO
VSDFHV IURP DQ HQVHPEOHOHDUQLQJ YLHZSRLQW LQZKLFK WKH RXWO\LQJQHVV RI HDFK GDWD REMHFW LV
PHDVXUHGE\IXVLQJRXWOLHU IDFWRUV LQGLIIHUHQWVXEVSDFHVXVLQJDFRPELQDWLRQIXQFWLRQ:HDOVR
VKRZ WKDW DOO H[LVWLQJ UHVHDUFKHV RQ RXWOLHU GHWHFWLRQ FDQ EH UHJDUGHG DV VSHFLDO FDVHV LQ WKH
XQLILHG IUDPHZRUN ZLWK UHVSHFW WR WKH QXPEHU RI VXEVSDFHV FRQVLGHUHG DQG WKH W\SH RI
FRPELQDWLRQ IXQFWLRQ XVHG ,Q WKH QH[W VHFWLRQZHZLOO GHVFULEH WKH 62( DOJRULWKPZKLFK LV
GHYHORSHGDFFRUGLQJWRWKHVXEVSDFHRXWOLHUHQVHPEOHIUDPHZRUN 
 62($OJRULWKP
7RGHPRQVWUDWH WKHXVHIXOQHVVRI WKHHQVHPEOHOHDUQLQJEDVHGRXWOLHUGHWHFWLRQ IUDPHZRUN
ZHGHYHORSHGDYHU\VLPSOHDQGIDVWDOJRULWKPQDPHO\62(6XEVSDFH2XWOLHU(QVHPEOHXVLQJ
GLPHQVLRQDO6XEVSDFHVLQZKLFKRQO\VXEVSDFHVZLWKRQHGLPHQVLRQLVXVHGIRUPLQLQJRXWOLHUV
IURP ODUJH FDWHJRULFDO GDWDVHWV ,Q 62( WKH UDWLRQDOH EHKLQG XVLQJ RQO\ VXEVSDFHV ZLWK RQH
GLPHQVLRQLVDVIROORZV
2QHGLPHQVLRQDOVXEVSDFHLVRISULPDU\LPSRUWDQFHLQPRVWUHDODSSOLFDWLRQVDQGLVWKH
EDVLFHOHPHQWRIPXOWLSOHGLPHQVLRQDOVXEVSDFHV 
 6LQFH GDWD PLQLQJ DOJRULWKPV KDYH WR KDQGOH YHU\ ODUJH GDWDEDVHV KHQFH XVLQJ RQO\
RQHGLPHQVLRQDOVXEVSDFHVZLOOJUHDWO\LPSURYHWKHSHUIRUPDQFHRIDOJRULWKPV
)URPWKHIUDPHZRUNYLHZSRLQWLIHYHQWKHVLPSOHU62(DOJRULWKPLVYHU\HIIHFWLYHLQ
SUDFWLFHZHZLOOEHFRQILGHQWRQWKHXVHIXOQHVVRIWKHHQVHPEOHOHDUQLQJEDVHGRXWOLHUGHWHFWLRQ
IUDPHZRUN

%HIRUHLQWURGXFLQJWKH62(DOJRULWKPVZHILUVWO\SUHVHQWVRPHDGGLWLRQDOQRWDWLRQVXVHGLQ
62(/HW' EH DGDWDEDVHRIGGLPHQVLRQDOIHDWXUHYHFWRUV/HW$  ^$ $«$G` EHWKHVHWRI
DOODWWULEXWHV$L RI' 7KHYDOXHVHW9L LVVHWRIYDOXHVRI$L WKDWDUHSUHVHQWLQ' )RUHDFKY9L
WKHIUHTXHQF\I YGHQRWHGDVIY LVQXPEHURIREMHFWV3 ' ZLWK3 $L Y VXSSRVHWKHQXPEHU
RI GLVWLQFWDWWULEXWHYDOXHVRI$L LV LS  :HGHILQHWKHKLVWRJUDPRI$L DVWKHVHWRISDLUVKL  ^Y
I Y I« 
LS
Y 
LS
I ` (DFK HOHPHQW RI KL LV FDOOHG DQ HQWU\ LQ WKH KLVWRJUDP RU MXVW D
KLVWRJUDPHQWU\7KHKLVWRJUDPRIWKHGDWDVHW' LVGHILQHGDV+  ^K K «KG` 
7KH62(DOJRULWKPQHHGVRQO\ WZRVFDQVRYHU WKHGDWDVHWDQGKHQFH LVYHU\DSSHDOLQJ LQ
UHDO GDWD PLQLQJ DSSOLFDWLRQV0RUHRYHU WKH 62( DOJRULWKP LV SDUDPHWHUIUHH LH LW GRHVQ¶W
UHTXLUHDQ\DGGLWLRQSDUDPHWHUVEHIRUHWKHPLQLQJSURFHVV 
7KH ILUVW VFDQ RI 62( LV WKH VXEVSDFH RXWOLHUPLQLQJ VWHS LQ ZKLFK ZH FRQVWUXFW WKH
KLVWRJUDPRIWKHGDWDVHW' ,QWXLWLYHO\LQRQHGLPHQVLRQDOVSDFHWKHRXWO\LQJQHVVRIDQREMHFWLV
GHWHUPLQHG E\ WKH RFFXUUHQFHV RI LWV FRUUHVSRQGLQJ DWWULEXWH YDOXH+HQFH WKHRXWOLHU IDFWRU RI
HDFKREMHFW3 ' LQVXEVSDFH$L LVWKHIUHTXHQF\I 3 $L7RVWRUHWKHKLVWRJUDPRIWKHGDWDVHW'
ZH QHHG G KDVK WDEOHV DV RXU EDVLF GDWD VWUXFWXUHV HDFK KDVK WDEOH IRU RQH KLVWRJUDP RI$L
$FWXDOO\HDFKKDVKWDEOHLVWKHPDWHULDOL]DWLRQRIDKLVWRJUDP+HQFHZHZLOOXVHKLVWRJUDPDQG
KDVKWDEOHLQWHUFKDQJHDEO\LQWKHUHPDLQLQJSDUWVRIWKHSDSHU
7KHVHFRQGVFDQRI62(LVWKHVXEVSDFHRXWOLHUHQVHPEOHVWHSLQZKLFKZHIXVHWKHRXWOLHU
IDFWRUVLQGLIIHUHQWRQHGLPHQVLRQDOVXEVSDFHVXVLQJDFRPELQDWLRQIXQFWLRQ7KHSRVVLEOHW\SHVRI
FRPELQLQJIXQFWLRQVKDYHEHHQGLVFXVVHGLQ6HFWLRQ7KDWLVIRUHDFKREMHFW3 ' ZHUHWULHYH
LWV IUHTXHQFLHVRIDWWULEXWH YDOXHV LHRXWOLHU IDFWRUV IURPKDVK WDEOHVHIILFLHQWO\7KHQ IXVLQJ
WKHVHRXWOLHUIDFWRUV WRJHWILQDORXWO\LQJQHVV$VIRUUHSRUWLQJWKHWRSN RXWOLHUVZHPDLQWDLQD
NOHQJWKDUUD\IRUWKLVSXUSRVH
1RZZHVXPPDUL]HWKHHQWLUHPLQLQJSURFHVVDQGSUHVHQWWKH62(RXWOLHUPLQLQJDOJRULWKP
LQ)LJ
62($OJRULWKP,QSXW $ GDWDEDVH' ZLWKVHWRIIHDWXUHV$$Q,QWHJHUN LHWKHN PRVWRXWO\LQJREMHFWVWREHPLQHG 66 DVHWRIVXEVSDFHVLH66 $
$FRPELQDWLRQHQVHPEOHIXQFWLRQ 
2XWSXW 7RSNRXWOLHUVWKDWVDWLVI\WKHUHTXLUHPHQW
0HWKRG ,QGLYLGXDOVXEVSDFHRXWOLHUIDFWRUFRPSXWDWLRQVWHS,QLWLDOL]HWKHG KDVKWDEOHV )RUHDFKREMHFW3 LQ'8SGDWHWKHIUHTXHQFLHVRIHDFKHQWU\LQWKHKDVKWDEOH
 2XWOLHUHQVHPEOHVWHS)RUHDFKREMHFW3 LQ'(QVHPEOHDOOWKHRXWOLHUIDFWRUVRI3 UHWULHYHGIURPKDVKWDEOHV
)LJ7KH62($OJRULWKP

7LPHDQG6SDFH&RPSOH[LWLHV
:RUVWFDVHDQDO\VLV7KHWLPHDQGVSDFHFRPSOH[LWLHVRIWKH62(DOJRULWKPGHSHQGRQWKHVL]H
RI GDWDVHWQWKHQXPEHURIDWWULEXWHVGDQGWKHVL]HRIHYHU\KLVWRJUDP 
7RVLPSOLI\WKHDQDO\VLVZHZLOODVVXPHWKDWHYHU\DWWULEXWHKDVWKHVDPHQXPEHURIGLVWLQFW
DWWULEXWHVYDOXHVS 7KHQWKHDOJRULWKPKDVWLPHFRPSOH[LW\2 QGS LQZRUVWFDVH
7KHDOJRULWKPRQO\QHHGVWRVWRUHG KLVWRJUDPVLQPDLQPHPRU\VRWKHVSDFHFRPSOH[LW\RI
RXU DOJRULWKPLV2GS
3UDFWLFDO DQDO\VLV &DWHJRULFDO DWWULEXWHV XVXDOO\ KDYH VPDOO GRPDLQV 7\SLFDO FDWHJRULFDO
DWWULEXWHVGRPDLQV WKDW FRQVLVWRI OHVV WKDQDKXQGUHGRU UDUHO\ D WKRXVDQGDWWULEXWHYDOXHV$Q
LPSRUWDQWRILPSOLFDWLRQRIWKHFRPSDFWQHVVRIFDWHJRULFDOGRPDLQVLVWKDWWKHSDUDPHWHUS FDQEH
UHJDUGHGWREHYHU\VPDOO$QGWKHXVHRIKDVKLQJWHFKQLTXHLQKLVWRJUDPVDOVRUHGXFHVWKHLPSDFW
RI S 6RLQSUDFWLFHWKHWLPHFRPSOH[LW\RI62(FDQEHH[SHFWHGWREH2 QG
 7KHDERYHDQDO\VLVVKRZVWKDWWKHWLPHFRPSOH[LW\RI62(LVOLQHDUWRWKHVL]HRIGDWDVHWDQG
WKHQXPEHURIDWWULEXWHVZKLFKPDNHVWKLVDOJRULWKPGHVHUYHJRRGVFDODELOLW\
(QKDQFHPHQWIRU5HDO$SSOLFDWLRQV
7KHGDWD VHWV LQ UHDOOLIH DSSOLFDWLRQV DUH XVXDOO\ FRPSOH[7KH\KDYHQRW RQO\ FDWHJRULFDO
GDWD EXW DOVR QXPHULF GDWD 6RPHWLPHV WKH\ DUH LQFRPSOHWH ,Q WKLV VHFWLRQ ZH GLVFXVV WKH
WHFKQLTXHVIRUKDQGOLQJGDWDZLWKWKHVHFKDUDFWHULVWLFVLQ62(

+DQGOLQJQXPHULFGDWD7RSURFHVVQXPHULFGDWDZHDSSO\ WKHZLGHO\XVHGELQQLQJWHFKQLTXH
>@DQGFKRRVHHTXDOZLGWKPHWKRGIRULWVIHDVLELOLW\LQSURGXFLQJYDULHGIUHTXHQF\YDOXHV 

+DQGOLQJPLVVLQJYDOXHV7RKDQGOHLQFRPSOHWHGDWDZHSURYLGHWZRFKRLFHV,QWKHILUVWFKRLFH
PLVVLQJYDOXHV LQDQLQFRPSOHWHREMHFWZLOOQRWEHFRQVLGHUHGZKHQXSGDWLQJKLVWRJUDPV ,Q WKH
VHFRQG FKRLFHPLVVLQJ YDOXHV DUH WUHDWHG DV VSHFLDO FDWHJRULFDO DWWULEXWH YDOXHV ,Q RXU FXUUHQW
LPSOHPHQWDWLRQZHXVHWKHVHFRQGFKRLFH 
 ([SHULPHQWDO5HVXOWV
$ FRPSUHKHQVLYHSHUIRUPDQFHVWXG\KDVEHHQFRQGXFWHGWRHYDOXDWHRXU62(DOJRULWKP,Q
WKLV VHFWLRQZH GHVFULEH WKRVH H[SHULPHQWV DQG WKHLU UHVXOWV:H UDQ RXU DOJRULWKPRQ UHDOOLIH
GDWDVHWVREWDLQHGIURPWKH8&,0DFKLQH/HDUQLQJ5HSRVLWRU\>@WRWHVWLWVSHUIRUPDQFHDJDLQVW
RWKHU DOJRULWKPV RQ LGHQWLI\LQJ WUXH RXWOLHUV LQ ERWK PHGLXP DQG KLJK GLPHQVLRQDO VSDFHV ,Q
DGGLWLRQVRPHODUJHV\QWKHWLFGDWDVHWVDUHXVHGWRGHPRQVWUDWHWKHVFDODELOLW\RIRXUDOJRULWKP 

([SHULPHQW'HVLJQDQG(YDOXDWLRQ0HWKRG
:HXVHGWKUHHUHDO OLIHGDWDVHWVO\PSKRJUDSK\ FDQFHUDQGDUUK\WKPLD WRGHPRQVWUDWH WKH
HIIHFWLYHQHVVRIRXUDOJRULWKPDJDLQVW)LQG)32)DOJRULWKP>@)LQG&%/2)DOJRULWKP>@DQG
.11DOJRULWKP>@,QDGGLWLRQRQWKHFDQFHUGDWDVHWZHDGGWKHUHVXOWVRI511EDVHGRXWOLHU
GHWHFWLRQ DOJRULWKP >@ WKDW DUH UHSRUWHG LQ >@ IRU FRPSDULVRQ DOWKRXJK ZH GLGQ¶W
LPSOHPHQWWKH511EDVHGRXWOLHUGHWHFWLRQDOJRULWKP,QDVLPLODUZD\RQWKHDUUK\WKPLDGDWDVHW
ZHDOVRDGGWKHUHVXOWVRIWKHDOJRULWKPGHYHORSHGE\$JJDUZDODQG<X>@IRUFRPSDULVRQ 
)RUDOOWKHH[SHULPHQWVWKHWZRSDUDPHWHUVQHHGHGE\)LQG&%/2)>@DOJRULWKPDUHVHWWR
DQGVHSDUDWHO\DVGRQHLQ>@)RUWKH.11DOJRULWKP>@WKHUHVXOWVZHUHREWDLQHGXVLQJ
WKH QHDUHVWQHLJKERXU )RU)LQG)32) DOJRULWKP >@ WKH SDUDPHWHUPLQLVXSSRUW IRU PLQLQJ
IUHTXHQWSDWWHUQVLVIL[HGWRDQGWKHPD[LPDOQXPEHURILWHPVLQDQLWHPVHWLVVHWWR6LQFH
WKH 62( DOJRULWKP LV SDUDPHWHUIUHH ZH GRQ¶W QHHG WR VHW DQ\ SDUDPHWHUV )XUWKHUPRUH ZH
HPSLULFDOO\ VWXG\ WKH LPSDFW RI GLIIHUHQW FRPELQLQJ RSHUDWRUV RQ 62( 7KDW LV LQ WKH
H[SHULPHQWVZHUHSRUW WKH UHVXOWVRI62(ZLWKGLIIHUHQWFRPELQLQJRSHUDWRUV)RU6T RSHUDWRU
ZHVHWT WRDQGVHSDUDWHO\ 
$V SRLQWHG RXW E\ $JJDUZDO DQG <X >@ RQH ZD\ WR WHVW KRZ ZHOO WKH RXWOLHU GHWHFWLRQ
DOJRULWKPZRUNHG LV WR UXQ WKHPHWKRG RQ WKH GDWDVHW DQG WHVW WKH SHUFHQWDJH RI SRLQWV ZKLFK
EHORQJWRWKHUDUHFODVVHV,IRXWOLHUGHWHFWLRQZRUNVZHOOLWLVH[SHFWHGWKDWWKHUDUHFODVVHVZRXOG
EH RYHUUHSUHVHQWHGLQWKHVHWRISRLQWVIRXQG7KHVHNLQGVRIFODVVHVDUHDOVRLQWHUHVWLQJIURPD
SUDFWLFDOSHUVSHFWLYH
6LQFHZHNQRZ WKH WUXHFODVVRI HDFKREMHFW LQ WKH WHVWGDWDVHWZHGHILQHREMHFWV LQ VPDOO
FODVVHVDV UDUHFDVHV7KHQXPEHURI UDUHFDVHV LGHQWLILHG LVXWLOL]HGDV WKHDVVHVVPHQWEDVLV IRU
FRPSDULQJRXUDOJRULWKPZLWKRWKHUDOJRULWKPV

5HVXOWVRQ/\PSKRJUDSK\'DWD
7KH ILUVW GDWDVHW XVHG LV WKH /\PSKRJUDSK\ GDWD VHW ZKLFK KDV  LQVWDQFHV ZLWK 
DWWULEXWHV7KHGDWDVHWFRQWDLQVD WRWDORIFODVVHV&ODVVHVDQGKDYHWKH ODUJHVWQXPEHURI
LQVWDQFHV7KH UHPDLQHGFODVVHVDUH UHJDUGHGDV UDUHFODVV ODEHOV IRU WKH\DUH VPDOO LQ VL]H7KH
FRUUHVSRQGLQJFODVVGLVWULEXWLRQLVLOOXVWUDWHGLQ7DEOH

7DEOH&ODVV'LVWULEXWLRQRI/\PSKRJUDSK\'DWD6HW
&DVH &ODVVFRGHV 3HUFHQWDJHRILQVWDQFHV
&RPPRQO\2FFXUULQJ&ODVVHV  
5DUH&ODVVHV  
7DEOHVKRZVWKHUHVXOWVSURGXFHGE\GLIIHUHQWDOJRULWKPV+HUHWKHWRSUDWLRLVUDWLRRIWKH
QXPEHURIUHFRUGVVSHFLILHGDVWRSNRXWOLHUVWRWKDWRIWKHUHFRUGVLQWKHGDWDVHW7KHFRYHUDJHLV
UDWLRRIWKHQXPEHURIGHWHFWHGUDUHFODVVHVWRWKDWRIWKHUDUHFODVVHVLQWKHGDWDVHW)RUH[DPSOH
ZHOHW62(DOJRULWKPILQGWKHWRSRXWOLHUVZLWKWKHWRSUDWLRRI%\H[DPLQLQJWKHVH
SRLQWVZHIRXQGWKDWRIWKHPEHORQJHGWRWKHUDUHFODVVHV 

7DEOH'HWHFWHG5DUH&ODVVHVLQ/\PSKRJUDSK\'DWDVHW
1XPEHURI5DUH&ODVVHV,QFOXGHG&RYHUDJH
62(6T
7RS5DWLR
1XPEHURI
5HFRUGV
62(
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2QHLPSRUWDQWREVHUYDWLRQIURP7DEOHZDVWKDWDPRQJDOOWKHSRWHQWLDOFKRLFHVRI  ZH
DUH FRQVLGHUHG LQ 62( WKH ³´ RSHUDWRU DQG ³ ´RSHUDWRU DUH WKH FOHDU ZLQQHUV LQ WKLV
H[SHULPHQW7KDWLV62(ZLWKWKH³´RSHUDWRUDQG³ ´RSHUDWRURXWSHUIRUP6T DQG f6 LQDOO
FDVHV7KLVREVHUYDWLRQVXJJHVWVWKDWWKH³´RSHUDWRUDQG³ ´RSHUDWRUZLOOEHDEHWWHUFKRLFHVLQ
SUDFWLFHIRUXVHUV&RQVHTXHQWH[SHULPHQWVDOVRJHWVLPLODUFRQFOXVLRQV0RUHRYHUZLWKLQFUHDVH
RI T LQWKH6T RSHUDWRUWKHSHUIRUPDQFHRI62(ZLOOGHWHULRUDWH
)XUWKHUPRUHLQWKLVH[SHULPHQWWKH62(DOJRULWKPZLWK³ ´ RSHUDWRUSHUIRUPHGWKHEHVW
IRUDOOFDVHVDQGFDQILQGDOOWKHUHFRUGVLQUDUHFODVVHVZKHQWKHWRSUDWLRUHDFKHG,QFRQWUDVW
IRUWKH)LQG)32)DOJRULWKPLWDFKLHYHGWKLVJRDOZLWKWKHWRSUDWLRDWZKLFKLVDOPRVWWKH
WZLFHIRUWKDWRIRXUDOJRULWKP

5HVXOWVRQ:LVFRQVLQ%UHDVW&DQFHU'DWD
7KHVHFRQGGDWDVHWXVHGLVWKH:LVFRQVLQEUHDVWFDQFHUGDWDVHWZKLFKKDVLQVWDQFHVZLWK
 DWWULEXWHVLQWKLVH[SHULPHQWDOODWWULEXWHVDUHFRQVLGHUHGDVFDWHJRULFDO(DFKUHFRUGLVODEHOHG
DVEHQLJQRURUPDOLJQDQWRU:HIROORZWKHH[SHULPHQWDOWHFKQLTXHRI
+DUNLQV HW DO >@ E\ UHPRYLQJ VRPH RI WKHPDOLJQDQW UHFRUGV WR IRUP D YHU\ XQEDODQFHG
GLVWULEXWLRQWKHUHVXOWDQWGDWDVHWKDGPDOLJQDQWUHFRUGVDQGEHQLJQUHFRUGV
7KHFRUUHVSRQGLQJFODVVGLVWULEXWLRQLVLOOXVWUDWHGLQ7DEOH

7DEOH&ODVV'LVWULEXWLRQRI:LVFRQVLQEUHDVWFDQFHUGDWDVHW
&DVH &ODVVFRGHV 3HUFHQWDJHRILQVWDQFHV
&RPPRQO\2FFXUULQJ&ODVVHV  
5DUH&ODVVHV  
)RUWKLVGDWDVHWZHDOVRFRQVLGHUWKH511EDVHGRXWOLHUGHWHFWLRQDOJRULWKP>@7KHUHVXOWV
RI511EDVHGRXWOLHUGHWHFWLRQDOJRULWKPRQWKLVGDWDVHWDUHUHSURGXFHGIURP>@
7DEOHVKRZVWKHUHVXOWVSURGXFHGE\WKHGLIIHUHQWDOJRULWKPV&OHDUO\62(ZLWKWKH³´
RSHUDWRUDQG³ ´RSHUDWRUDOVRRXWSHUIRUP6T DQG f6 LQDOOFDVHVLQWKLVGDWDVHW 
2QH LPSRUWDQW REVHUYDWLRQ IURP 7DEOH  ZDV WKDW DPRQJ DOO RI WKHVH DOJRULWKPV 511
SHUIRUPHGWKHZRUVWLQPRVWFDVHV,QFRPSDULVRQWRRWKHUDOJRULWKPV62(ZLWK  ³´RSHUDWRU
DQG³ ´RSHUDWRUDFKLHYHVURXJKO\WKHVDPHDYHUDJHSHUIRUPDQFHZLWKUHVSHFWWRWKHQXPEHURI
RXWOLHUVLGHQWLILHG 

5HVXOWVRQ$UUK\WKPLD'DWD
%RWK/\PSKRJUDSK\GDWDDQG&DQFHUGDWDDUHGDWDVHWVZLWKRQO\PHGLXPGLPHQVLRQDOVSDFHV
,Q WKLV VHFWLRQ ZH UHSRUW RXU H[SHULPHQWDO UHVXOWV RQ WKH $UUK\WKPLD GDWD ZKLFK KDV 
DWWULEXWHVFRUUHVSRQGLQJ WRGLIIHUHQWPHDVXUHPHQWVRISK\VLFDO DQGKHDUWEHDW FKDUDFWHULVWLFV WKDW
DUH XVHG LQRUGHU WR GLDJQRVH DUUK\WKPLD7KHGDWDVHW FRQWDLQV D WRWDORI QRQHPSW\ FODVVHV
&ODVVZDVWKHODUJHVWDQGFRUUHVSRQGVWRSHRSOHZKRGRQ¶WKDYHDQ\NLQGRIKHDUWGLVHDVH7KH
UHPDLQLQJFODVVHVFRUUHVSRQGWRSHRSOHZLWKGLVHDVHVRQHIRUPRUDQRWKHU 
$VVXJJHVWHGLQ>@ZHDOVRFRQVLGHUHGWKRVHNLQGVRIFODVVODEHOVWKDWRFFXUUHGOHVVWKDQ
RI WKHGDWDVHWDVUDUHFODVVHV7KHFRUUHVSRQGLQJFODVVLVLOOXVWUDWHGLQ7DEOH
6LQFH PRVW DWWULEXWHV LQ WKLV GDWDVHW DUH FRQWLQXRXV KHQFH ZH ILUVW SHUIRUP D JULG
GLVFUHWL]DWLRQRIWKHGDWD(DFKDWWULEXWHLVGLYLGHGLQWRHTXDOZLGWKELQV  
 ,Q WKLV GDWDVHWZH OHW HDFK DOJRULWKP UHSRUW WRS  RXWOLHUV DV GRQH LQ >@$PRQJ WKHVH
UHSRUWHGGDWDREMHFWVZHH[DPLQHKRZPDQ\RI WKHPEHORQJ WR UDUHFODVVHV7DEOHVKRZV WKH
UHVXOWVSURGXFHGE\WKHGLIIHUHQWDOJRULWKPV 
 7KHUHVXOWDQWGDWDVHWLVSXEOLFDYDLODEOHDWKWWSUHVHDUFKFPLVFVLURDXURKDQERXWOLHUVEUHDVWFDQFHU
7DEOH'HWHFWHG0DOLJQDQW5HFRUGVLQ:LVFRQVLQ%UHDVW&DQFHU'DWDVHW
1XPEHURI5DUH&ODVVHV,QFOXGHG&RYHUDJH
62(6T
7RS5DWLR
1XPEHURI
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
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